We analyze the potential effects that a unique forest conservation regulation has on residential development, and assess the additionality in forest cover due to this regulation. We combine panel data on forest cover change from satellite imagery and parcel-level modeling on residential development, including residential subdivisions occurring before and after the regulation is adopted. Our results suggest that after adoption, there was a 21% increase in forest cover within subdivisions relative to the amount without the regulation. The heterogeneous effects of this regulation suggest that on average, forest cover increased for parcels with lower levels of existing forest cover. However, parcels with the highest levels of forest cover continue to have significant decreases in forest cover, despite the regulation, thereby resulting in fragmentation in regions with the most intact forest cover.
Forest cover provides ecosystem services and amenities that are not fully considered in private landowner decisions. Substantial work has analyzed the targeting of voluntary incentive payments for rural landowners to encourage forest cover retention and the provision of ecosystem services and amenities (Nelson et al. 2008; Lewis, Plantinga, and Wu 2009; Lewis et al. 2011; Lawler et al. 2014) . Incentive-based policies in these studies have incorporated important aspects into targeting payments, for example the incomplete information on landowner opportunity costs and nonlinear forest benefits for habitat preservation. Other research has focused on land-use regulations using parcel-level models of residential development to examine the effects of regulations such as open space clustering requirements (Irwin and Bockstael 2004) , zoning (Newburn and Berck 2006; Lewis, Provencher, and Butsic 2009) , and permitting (Wrenn and Irwin 2015) . Meanwhile, the effect that forest conservation regulations have on residential development has received less attention. Two exceptions are Lichtenberg, Tra, and Hardie (2007) and , who assess how the Forest Conservation Act (FCA) in Maryland influences residential density and the provision of open space amenities within subdivisions. These authors find that forest conservation requirements crowd out public, non-forested open space and reduce residential density. Their analysis, however, relies only on parcels already converted to subdivisions after the FCA was adopted, rather than analyzing the effect of regulation on the dynamic process of residential conversion.
The study analyzes the heterogeneous effect that the FCA has on residential development and estimates the additionality in forest cover with this regulation. We use a spatially explicit panel dataset of residential subdivisions from 1985 to 2000 in Baltimore County, Maryland. The econometric model is a panel Heckman selection model with two stages that are jointly estimated. The first stage is a panel probit model of the landowner decision to develop or remain undeveloped. In the second stage, we estimate the change in the percentage of forest cover on the property, conditional on development in the first stage. The FCA was adopted in 1993, allowing us to model landowner development decisions during periods before (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) and after (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) the FCA. Land-use decisions are assumed to be a function of existing forest cover, zoned capacity, distance to Baltimore City, riparian buffer area, slope, neighborhood housing prices, and other parcel attributes. To characterize parcel-level forest cover change, we use satellite-based data from the North American Forest Dynamics Project measuring forest cover on roughly a biennial basis between 1985 and 2004. This research makes several contributions to the literature. This is the first study that combines analyses of fine-scale panel data on forest cover change from satellite imagery and parcel-level modeling on residential development decisions. Importantly, we more accurately assess the initial level of existing forest cover on developable parcels and the partial loss in forest cover that occurs on residential subdivisions. Forest land converted to urban development in prior studies is often implicitly assumed to result in a complete loss of forest. In our study, we empirically estimate forest cover change with data from satellite imagery in contrast to previous studies relying on assumptions between development and forest loss. Furthermore, because our analysis spans periods before and after the FCA, this allows us to provide baseline estimates of forest loss in the pre-regulatory period to provide estimates of additionality in forest cover in the post-regulatory period. The Maryland FCA is the only statewide forest conservation regulation in the United States that focuses on forest retention and replanting requirements within residential subdivisions. Our analysis suggests that the FCA resulted in a significant increase in forest area. However, parcels with the highest levels of existing forest cover have significant decreases in forest cover even after the FCA, suggesting that parcels with the most intact forest cover continue to have fragmentation. Lessons learned from the FCA in Maryland could provide guidance for other regions interested in implementing similar policies threatened by development.
Policy Background on Maryland's Forest Conservation Act
Forest cover loss is a major concern for states such as Maryland that have experienced rapid urban development. The proportion of developed land in the entire state more than doubled from 1973 (8.9%) to 2000 (18.2%); and of the 546,000 acres of newly-developed land, lowdensity development accounts for 62% (Irwin and Bockstael 2007) . Meeting goals for water quality improvements in local waterways and the Chesapeake Bay has increased attention on maintaining and restoring forested areas.
The FCA was passed as a statewide law in 1991 and implemented by local governments in January 1993. The law applies to any subdivision development with grading over 40,000 square feet, and is designed to reduce forest loss following development. The FCA does not apply to existing uses on parcels, such as working farms not undergoing development. Prior to development, a landowner completes a forest conservation plan (FCP) that specifies the forest conservation requirement on the property, including a plan for retaining existing forest and new tree plantings.
1 Under the FCA, forest is defined as a biological community dominated by trees and other woody plants covering 10,000 square feet or more, having a minimum density of 100 trees per acre (Galvin, Wilson, and Honeczy 2000) . Reforestation areas are defined as the creation of a biological community dominated by trees contiguously covering 2,500 square feet or more. It is important to note that individual trees for landscaping amenities and street trees are not credited under the FCA requirements. The FCP must be approved by county planning agencies as part of the overall subdivision approval process for land use and environmental permitting.
Thresholds for afforestation and conservation under the FCA regulations are determined based on the existing forest cover and 1 The landowner may also meet the conservation requirement through offsite mitigation. Offsite forest mitigation is relatively uncommon for our study region in rural Baltimore County, representing less than 10% of forest acres conserved based on available data.
prevailing zoning. The afforestation threshold is 20% in regions zoned for either agricultural and resource areas or medium residential areas. For parcels with less than 20% existing forest cover, the landowner must plant new trees up to the afforestation threshold, even if no trees are cleared in the process of development. The conservation threshold is 50% in regions zoned for agricultural and resource areas, and 25% when zoned for medium residential areas. To avoid replanting requirements entirely, a landowner must retain at least 20% of existing forest cover above the conservation threshold, referred to as the break-even point. Forest land cleared below the break-even point but above the conservation threshold must be replanted at one-quarter the amount that the forest is cleared. Forest land must be replanted at twice the amount cleared below the conservation threshold.
2 Prior to the FCA regulations, no afforestation or conservation thresholds existed for the entire region.
Conceptual Model
We present a simple illustrative model on how the introduction of regulatory costs under the FCA is expected to influence landowner decisions on the timing of development and forest cover change. We assume that the landowner is a profit-maximizing agent that presently owns a parcel in an undeveloped land use area (e.g., agriculture, forestry) and is considering the irreversible decision to convert to residential development at some time, T. The undeveloped parcel has existing forest cover, F, expressed as a proportion of the parcel and a vector of other parcel attributes, X, that affect returns in the existing and developed land uses. Existing forest cover is assumed to be randomly distributed.
If the parcel is developed under the FCA, the existing forest cover removed on the subdivision development is d 1 , where 0 d 1 F. When it is profitable to bulldoze some trees to build roads and new homes, the landowner has replanting requirements. Forest planting mandated under the FCA kðd 1 ; F; a; cÞ depends on the amount of forest cover removed to build homes and roads and existing forest cover, as well as the afforestation and conservation thresholds, a and c, respectively
where we assume that a ¼ 0:2 and c ¼ 0:5, reflecting the afforestation and conservation thresholds that predominate for our study region. 3 For parcels with forest cover below the afforestation threshold 0 F a, the landowner must meet the afforestation requirement a À F and must also replant any forest removed at double the amount cleared, kðd 1 ; F; a; cÞ ¼ a À F þ 2d 1 . Parcels with forest cover a < F c have no afforestation requirements but must replant forest removed at double the amount cleared, kðd 1 ; F; a; cÞ ¼ 2d 1 . Parcels with forest cover c < F 1 have excess forest F À c that may be cleared without penalty and only are required to replant for the portion of forest cover removed that falls below the conservation threshold. Parcels with high forest cover c < F 1 have excess forest, such that k ¼ 2½d 1 À ðF À cÞ for d 1 ! F À c, and k ¼ 0 for d 1 < F À c. 4 We also assume that voluntary afforestation for amenities is negligible.
Following Capozza and Helsley (1989) , the landowner chooses the optimal timing of development T Ã 1 and removal of forest cover d Ã 1 to maximize profits under the FCA where r is the interest rate. The first term in equation (2) is the present value of rent in the undeveloped use R u ½F; X from time t ¼ 0 to the conversion time T 1 , in which the rent is constant in time but varies spatially as a function of parcel attributes, X, related to land quality (e.g., soil quality) and existing forest cover, F, for forestry or cleared for agriculture. The second term is the present value of rents from development R s ½F; d 1 ; kðd 1 ; F; a; cÞ; X; t from the conversion time, T 1 , onward. The rent in development is a function of the amount of forest cleared, d 1 , existing forest cover, F, and parcel attributes, X, related to housing potential (e.g., accessibility to employment), and is assumed to be increasing over time due to population growth. The last term is the fixed cost of development discounted to the present. The fixed cost C½d 1 ; kðd 1 ; F; a; cÞ; X includes the costs for forest removal and regulatory costs related to the FCA, in addition to the primary construction costs to build roads, home sites, and other infrastructure that vary according to parcel attributes (e.g., steep slopes, riparian buffers).
The landowner's decision on the optimal development time is either the present time T Ã 1 ¼ 0 or given by the first-order condition (FOC) of equation (2) with respect to T 1 ð3Þ R s ½F; d 1 ; kðd 1 ; F; a; cÞ; X; T 1 À R u ½F; X À rC½d 1 ; kðd 1 ; F; a; cÞ; X ¼ 0:
The optimal time T Ã 1 occurs when the rent in residential use equals the opportunity costs of forgone rent in the undeveloped use, plus the cost of borrowing capital for residential conversion. The optimal forest removal is either a boundary solution (d (2), conditional on the optimal development time with the FCA T Ã 1 .
5 Optimal forest removal for the counterfactual decision is either a boundary solution
, or is determined from the FOC of equation (2) with respect to d 0
The first term represents the marginal benefit of forest removal, which is assumed to be positive with increasing forest removal but at a diminishing rate,
@d 0 2 > 0 and
@d 0 2 < 0. Forest removal occurs to accommodate homes and roads because otherwise it may reduce the profitability of development by limiting the number of developable lots. Thus, the marginal benefit of forest clearing is positive and highly inelastic to bulldoze trees for building home sites, roads, and other infrastructure. The second term reflects the marginal cost of forest clearing, which is assumed to be positive and increasing with forest removal, @ 2 C @d 0 2 > 0 and
because when no existing forest cover is located on the parcel, the building footprint has no forest removal. As existing forest cover increases and is randomly distributed, Ã 0 , in the absence of the FCA. The total effect of the FCA regulation is based on the difference between the optimal solutions outlined in equations 2-4 for forest clearing, d some portion may be located in areas desirable for building homes and roads. The marginal benefit of forest clearing with respect to d 0 is assumed to be nondecreasing in F, 
Here we assume that the marginal benefit of forest removal with the FCA is positive but at a diminishing rate ! 0 according to equation (1). We assume that @B @k 0 because this term represents the foregone marginal benefits of development from using land elsewhere on the parcel for forest planting. When forest planting is required, the least profitable land is assumed to be used first for forest planting and the opportunity costs are increasing in the amount of forest planting,
Intuitively, the two terms 
Ã be the difference in forest cover change with versus without the FCA
Total forest cover change DU Ã includes both the effect directly from FCA planting requirements kðd Ã 1 ; F; a; cÞ and the effect from avoided deforestation ðd 
The upper bound DU u depicts the maximum planting requirement, in which the landowner is assumed not to alter the forest removal decision with the FCA compared to without it. In this case, the same subdivision is built with or without the FCA (i.e., no avoided deforestation). According to equation (8), this means that DU u ¼ kðd Ã 1 ; F; a; cÞ, which is equivalent to substituting d
at F ¼ a because the afforestation requirement is no longer needed but replanting is required. Also, DU u ¼ 2d Ã 0 for a < F c, which is increasing over this range because forest clearing is increasing in F and must be replanted at double the amount cleared. Parcels with forest cover c < F 1 have excess forest F À c that may be cleared without penalty. Hence,
, which is decreasing in magnitude over this range. For parcels with high forest cover rates, the excess forest may be greater or equal to forest removal even without the FCA, d
Ã 0 F À c. When no forest removal occurs below the threshold, then k ¼ 0, and the landowner has no incentive to change their behavior, such that
1. As depicted in figure 1, this maximum critical value is defined as
The lower bound DU l depicts when the landowner chooses the optimal forest clearing d Ã 1 under the FCA that has the minimum planting requirement. According to equation (1), the lower bound DU l occurs when k ¼ 0 across the entire range of F, with the exception that k ¼ a À F for 0 F a because the afforestation requirement a À F is exogenously defined and thus not a function of the landowner decision on forest removal d The lower bound DU l in figure 1 depicts when d Ã 1 ¼ 0 for 0 F c, meaning that there is avoided deforestation but no replanting required. Note that k ¼ 0 in equation (1) when only excess forest is cleared. Hence, the lower bound 
The FCA may affect other aspects of the landowner's development decisions. Although the FCA requirements only directly affect parcels undergoing subdivision, the potential also exists for indirect effects on the timing of development. With the FCA, lower returns to development are expected, particularly for parcels with higher costs due to the FCA requirements. Hence, the timing of development may be delayed on parcels with higher FCA planting costs relative to those parcels with lower FCA planting costs, such as parcels with F ! F max depicted in figure 1, unless these FCA planting costs are small relative to overall profits to development. Given the expected heterogeneity in the effect of the FCA by existing forest values, an empirical model is necessary to understand how the FCA affects decisions on the timing of development and forest cover change. 6 We have assumed that voluntary afforestation is negligible. If it were profitable for the landowner to plant trees voluntarily, particularly for parcels with low existing forest cover, 0 F a, then the afforestation requirement, a À F, would be reduced by the amount of tree cover voluntarily provided.
Econometric Model
In this section we outline the panel Heckman selection model used to estimate the effect of the FCA on land development and forest cover change decisions. The landowner is assumed to be a profit-maximizing agent who decides either to develop parcel i or remain undeveloped in each period t. Conditional on a parcel being selected for development, the landowner determines forest cover change on the parcel after subdivision. A positive level of forest cover change indicates a net forest gain, while negative forest cover change indicates a net loss. We use a bivariate sample selection model because land development and forest cover change decisions may be correlated (Heckman 1979 
In the first stage, a panel probit model is used to predict development decisions. We expect the effect the FCA has on development decisions to vary based primarily on the parcel-level existing forest cover. Due to the afforestation and conservation thresholds under the FCA requirements described above, we hypothesize that the effect of the FCA will vary nonlinearly over the distribution of existing percentage of forest cover. Therefore, we use categorical ranges of existing percentage of forest cover to allow flexibility in the model specification to represent the potential nonlinear relationship between land use decisions and existing percentage of forest cover. Let F it be a vector of existing forest categories grouped into quintile values (i.e., 0-20%, 20-40%, 40-60%, 60-80%, 80-100%), with the lowest quintile of 0-20% existing forest cover as the baseline category. Let s be a post-regulatory dummy variable equal to one for any period after the introduction of the FCA in 1993. We also include interaction terms between the forest cover categories F it and post-regulatory dummy variable s to estimate whether the effect of existing forest cover in the period after the FCA changes relative to the baseline period prior to the FCA. Let X it represent a vector of control variables, such as riparian buffer area, slope, and other parcel attributes. Let Z it represent a vector of exclusion restrictions included in the first stage but omitted from the second stage of the model. Let T t represent annual time dummy variables. Equation (9) shows the specification for the first-stage panel probit model for the probability of development where the error term e it is independently and identically distributed and clustered at the parcel level
In the second stage, we estimate the percentage of forest cover change after development, represented by the variable DF it , which is only observed for parcels actually selected for development. Let DF Ã it represent a latent variable of forest cover change, such that forest cover change is observed as
when parcel i is developed in period t, Y Ã it > 0, and otherwise it is not considered. Equation (10) shows the specification for forest cover change, which is similar to equation (9) except that we drop the exclusion restriction Z it from the second stage for identification purposes
Land development and forest cover change decisions in equations (9) and (10) are estimated simultaneously using a full information maximum likelihood (FIML) approach. We assume that errors are correlated between stages, which are jointly and normally distributed, and the correlation coefficient between the first and second stage is represented by the parameter q. We calculate the marginal effects of covariates on the probability of development in the first stage and forest cover change in the second stage.
To assess the potential effect of the FCA, we compute the expected forest cover change conditional on development for the periods before and after the FCA
where we let X it ¼ fF it ; X it ; Z it ; s; T t g be a vector of covariates included in equations (9) and (10). In general, we hypothesize that an increase in forest cover change occurs on subdivisions after the FCA, relative to before the FCA. We calculate the forest cover change in equation (11) separately for each existing forest cover quintile to examine whether heterogeneity in the potential effect of the FCA varies by the existing forest cover categories. In addition to the change in the FCA, we recognize that other factors potentially influence land use decisions that may change over time, and discuss these potential effects and robustness tests in the supplementary appendix online.
Data
Baltimore County is located adjacent to the City of Baltimore, and the majority of residents commute to work in the county or Baltimore City. An urban growth boundary (UGB) was implemented in Baltimore County in 1967. Although the UGB may limit higher-density development on sewer service, it does not prevent lower-density development in rural areas where subdivisions are instead served by septic systems. The majority of acreage developed in Maryland occurs as low-density development on septic systems in rural areas. Our study region focuses on the rural area located outside the UGB covering approximately 387 square miles, which is roughly two-thirds of the county's land area. Resource conservation (RC) zoning was created in the rural area in 1976 and includes three main zoning types. The minimum lot size zoning ranges from fifty acres per lot in RC2 zoning, five acres per lot in RC4 zoning, and two acres per lot in RC5 zoning. The RC2 and RC4 zoning represent the majority of the land area and are considered agricultural and resource areas under the FCA regulations outlined above, with a conservation threshold of 50%; RC5 zoning is considered a medium residential area and has a conservation threshold of 25%. All three zoning types have an afforestation threshold of 20%.
Data used to estimate the land-use conversion model in Baltimore County rely on parcel data from the Maryland Department of Planning. We manually reconstruct the panel of residential subdivisions using historic archives for all recorded plats from 1985 to 2000. We determine the landowner's decision on the timing of subdivision development based on the initial recorded year of approval from historic subdivision plat maps. All parcels from the same subdivision are aggregated to recover the original "parent" parcel, and we reconstruct the landscape for parcel boundaries in 1985. We also recorded the total number of buildable residential lots allowed for each subdivision in the approval process. For the land-use conversion model, we determine all developable parcels that, as of 1985, were eligible for residential development in the RC zoning area with more than five acres and could subdivide into two or more buildable residential lots.
7 There were a total of 3,043 developable parcels starting in Forest cover data are obtained from the North American Forest Dynamics Project, a NASA-funded project under the North American Carbon Program (NACP; Goward et al. 2012) . The NACP used Landsat imagery to create detailed forest cover data starting in 1984 for fifty-five selected locations across the United States, including the Baltimore-Washington corridor, which provides the timing and spatial distribution of deforestation, reforestation, and afforestation. 8 For the Baltimore-Washington corridor, existing forest cover maps are available as raster files for twelve time periods, including the following years : 1984, 1986, 1987, 1988, 1990, 1991, 1994, 1996, 1998, 2000, 2002, and 2004 . We intersect these twelve snapshots of forest cover with the parcel boundary layer to create variables for the percentage of existing forest cover on each parcel, calculated as the amount of existing forest cover divided by the total parcel area.
9 Forest cover change is calculated as the difference between percentage of forest cover after development and percentage of existing forest cover before development. For parcels developed in 1985-1992, forest cover change is calculated as the difference between percentage of forest cover in 1996 and existing percentage of forest cover before development. For parcels developed in 1993-2000, forest cover change is calculated as the difference between percentage of forest cover in 2004 and existing forest cover before development. As an example, for a subdivision event occurring in 1989 we use the existing forest cover prior to development in 1988 and the forest cover following development in 1996 to determine forest cover change. Figure 2 shows the average forest cover change for subdivisions occurring before the FCA in 1985-1992 and after the FCA in 1993-2000. Prior to the FCA, the average forest cover change was negative across the entire distribution of existing forest cover. The largest losses occurred on subdivisions with existing forest cover ranging from approximately 40-100%. After the FCA, a modest gain in forest cover occurred for subdivisions with existing forest cover less than 40%; meanwhile, forest cover change decreased continuously for subdivisions with greater than 60% existing forest cover. The largest difference in forest cover change occurred for subdivisions with approximately 50% existing forest cover, where subdivisions had no change in forest cover after the FCA versus an average loss of 9% prior to the FCA. This difference was positive for most of the distribution of existing forest cover, except at the highest forest cover values of 90-100%. This suggests an overall positive effect of the FCA on forest retention and afforestation, though it is heterogeneous by parcel-level existing forest cover.
Forest cover change is the dependent variable in the outcome equation for the second stage, while the first stage in the Heckman selection model is a panel probit model for whether the parcel is developed or not. We derive parcel attributes within a geographic information system (GIS) to create explanatory variables for each parcel in our dataset. Summary statistics for these covariates are reported in the supplementary appendix online. We represent existing percentage of forest cover prior to development in quintile categories. We use quintiles to allow for flexibility in capturing the potential nonlinear relationship between forest cover change and the existing amount of forest cover. Zoning requirements represent another major land use regulation that pertains to development. We manually reconstruct the historical zoning map in 1976 to represent the zoning designations that existed prior to the model period of development in 1985-2000. The zoned capacity variable for the number of allowable lots is created according to the parcel size and maximum density zoning regulations for each parcel. Parcels with higher zoned capacity have higher expected returns to development, and thus are expected to be more likely to develop. Parcel area in acres is also (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) and after FCA (1993 FCA ( -2000 included in quadratic form to control for the potential effect of parcel size not already accounted for with the zoned capacity variable. A distinction is made in the subdivision approval process between major subdivisions with four or more lots versus minor subdivisions with only two or three lots. A dummy variable for authorized minor is created that equals one if the zoned capacity on the parcel only allows two or three lots. These parcels tend to be smaller with fewer development options and are expected to be less likely to develop. The FCA requirements apply the same to both major and minor subdivisions. We therefore treat the authorized minor variable as an exclusion restriction in the first stage and assume that being zoned for minor development may affect the probability of development but not forest clearing, conditional on being selected for development.
We also created an indicator variable for whether the parcel is eligible for a land preservation easement in any of the three major statewide easement programs. Easement eligibility is expected to decrease the probability of development because the existence of an easement program may delay the decision to subdivide (Towe, Nickerson, and Bockstael 2008) . Assuming that a parcel is selected for development, easement eligibility is not expected to affect the forest cover change following development; therefore, easement eligibility is used as an exclusion restriction in the first-stage equation.
The distance from each parcel to Baltimore City in kilometers is used to represent accessibility to regional employment. The distance from each parcel to the closest major road or highway is used to represent access to transportation infrastructure. Parcels located farther from either Baltimore City or a major road have lower expected returns to development, and thus, lower likelihood of development. We construct a variable for the percentage of the parcel area within the riparian buffer based on the stream hydrology and 100-year floodplains according to the riparian setback requirements in Baltimore County. Average percentage of slope and elevation in meters are both calculated for each parcel using the digital elevation model (DEM) at 10-meter grid resolution. We included an indicator variable on whether the parcel is located on prime agricultural soils to reflect the land suitability for higher agricultural returns.
Furthermore, the average soil erosion potential is calculated for each parcel based on soil survey data from the USDA Natural Resource Conservation Service to provide a measure of poor soil quality.
Surrounding land use variables are included to control for potential spatial spillover effects from neighboring protected areas and developed land uses. These surrounding land use variables include the percentage of area within a 500-meter buffer around the boundary for each parcel in non-residential use, residential use, parks, and undeveloped land use. The variables are lagged temporally to represent the surrounding land uses prior to development, and the undeveloped category is omitted as the baseline. We also create a dummy variable for whether there was an existing house on the parcel.
We also included an index variable on real housing prices at the census tract level, following the approach in Sieg et al. (2002) , to control for how higher neighborhood housing prices may increase the expected returns from residential development. Details on the methodology used for the creation of the census tract-level variables for both price of housing services and variance in housing prices can be found in the supplementary appendix online. We further include census-block group fixed effects to control for any baseline differences in socioeconomic or other neighborhood characteristics. Additionally, we include annual time fixed effects to control for broader economy-wide fluctuations such as mortgage interest rates or regional employment rates.
Results
The FIML estimation results of the Heckman model for a panel probit model of residential development in the first stage and forest cover change in the second stage are reported in table A.2 in the supplementary appendix online. The estimated correlation coefficient q is 0.70 and significant at the 1% level. The positive correlation coefficient suggests that, controlling for observable parcel attributes, parcels selected for development have higher levels of forest cover change relative to the undeveloped parcels. Table 1 provides the marginal effects for the average annualized probability of development and the marginal effects for forest cover change conditional on development, which account for the indirect effects from the selection in the first stage. Standard errors for marginal effects are calculated using the delta method.
In the first stage, the marginal effects of covariates in table 1 on the average annualized probability of development yield the following results. The marginal effects for existing forest cover are not significant for any quintile category, relative to the omitted baseline category of 0-20% forest cover. This suggests that, prior to the FCA, there was no significant difference in the likelihood of development for parcels with high existing forest cover relative to those with low existing forest cover. The post-regulatory dummy variable in the FIML estimation results in table A.2 is not significant, indicating that the overall rate of development was similar between the periods of 1985-1992 and 1993-2000 (see supplementary appendix online) . Additionally, the marginal effects of interaction terms between the post-regulatory variable and existing forest cover are also not significant. Although the conceptual model suggests that, with the introduction of the FCA, there is a potential for higher likelihood of development on parcels with the highest levels of existing forest cover, we find no statistically significant evidence of changes in probability of development by forest quintile in the post-regulatory period.
Marginal effects for several other covariates on the probability of development are significant in table 1 and generally conform to expectations when significant. The average marginal effect for parcel area is positive and significant at the 1% level, indicating that Note: Single and double asterisks (*, **) denote statistical significance at the 5% and 1% levels, respectively. Superscript a indicates that marginal effects are based upon a discrete change from the baseline 0-20% existing forest category.
parcels with a larger area are more likely to be developed, presumably due to economies of scale that lower development costs. Parcels with a larger riparian buffer area are less likely to be developed, suggesting that the riparian setback requirements and 100-year floodplains reduce the suitability for development, as expected. The presence of an existing house, which may indicate working farmland, tends to delay development. The marginal effect of surrounding residential land use is positive and significant, suggesting that neighboring development potentially provides infrastructure to increase the likelihood of development; meanwhile, the marginal effect for surrounding parks is not significant. The housing price variables are also not significant, presumably because the yearly and census block group fixed effects control for most of the variation in housing prices in our study region in rural Baltimore County.
As expected, the coefficients for authorized minor and easement eligibility, which are used as exclusion restrictions in the first stage, are both negative. In addition, an F-test reveals that these parameters are jointly significant at the 1% level. With two exclusion restrictions, this system of equations is overidentified and we test the suitability of these exclusion restrictions using likelihood ratio tests (Cameron and Trivedi 2005) . In these tests, we compare the log-likelihood from the FIML estimation results for our main specification in which both variables are excluded from the second stage to the log-likelihood for a model that includes, respectively, either the authorized minor or easement eligibility variable in the second stage. If the variable is a suitable exclusion restriction, then we should expect no significant difference in the log-likelihood between these models using a chi-squared test with one degree of freedom. The p-value on the chi-squared test is 0.26 for the authorized minor variable and 0.48 for easement eligibility, suggesting that both variables are suitable exclusion restrictions.
The primary interest of our analysis is the marginal effect that existing forest cover has on the expected forest cover change conditional on development. The marginal effects for existing forest cover in table 1 are negative and significant for all quintile categories, relative to the baseline category for existing forest cover at 0-20%. This implies that larger losses in forest cover occurred for developed parcels with higher levels of existing forest cover from 1985 to 1992. For example, developed parcels with 20-40% existing forest cover have, on average, approximately 5.6% more forest cover loss compared to developed parcels with 0-20% existing forest cover during this period. The post-regulatory dummy variable is positive and significant for the FIML estimation results in table A.2, suggesting that there was an increase in forest cover on developed parcels from 1993 to 2000 relative to those developed from 1985 to 1992 (see supplementary appendix online). The marginal effects of the interactions between the post-regulatory variable and existing forest cover categories in table 1 indicate heterogeneous effects according to the existing levels of forest cover. Consider, for example, the negative and significant interaction effect between existing forest cover at 80-100% in the postregulatory period. Compared to the baseline category, this result suggests that larger decreases in forest cover occurred during the period after the FCA for developed parcels with 80-100% forest cover than occurred prior to the FCA.
Regarding the other covariates in table 1, the marginal effect of the average percentage slope is positive and significant at the 5% level. This indicates that parcels with higher average slope have a lower percentage of forest cover loss, as expected, because steeper slopes may reduce the area suitable for development. The marginal effect is also positive and significant for the riparian buffer variable, presumably because riparian setback requirements provide more forest retention and restoration since they reduce the area allowed for residential development. The marginal effect on parcel area is negative and significant, suggesting that larger parcels have a higher percentage of forest cover loss following development than smaller parcels.
To further investigate the potential effect of the FCA on land use decisions, the expected forest cover change conditional on development are provided in table 2 for each forest cover quintile category. The results in table 2 are based upon the same set of 2,813 parcels that were undeveloped as of 1993 to represent those parcels that were developable when the FCA was adopted. Then, according to equation (11), the expected forest cover change is calculated, conditional on development, in the period 1985-1992 and the period 1993-2000. The difference indicates the expected increase in forest cover after the FCA relative to before the FCA, while accounting for the selection process of development. Table 2 shows that the expected forest cover after development decreases on developed parcels from 1985 to 1992 for all existing forest cover categories. Prior to the FCA, forest cover loss ranges from À3.1% on parcels with 0-20% existing forest cover to approximately À11.2% on parcels with 60-80% existing forest cover. After the FCA, a modest increase in forest cover change occurs, on average, for developed parcels with existing forest cover between 0-60%. However, a decrease in expected forest cover change occurs for developed parcels with greater than 60% existing forest cover.
When considering the difference between the periods after versus before the FCA in table 2, an expected net increase in forest cover conditional on development occurs for parcels with 0-60% existing forest cover. The baseline category of 0-20% existing forest cover, for example, reports a net increase of 9.1% between the periods before versus after the introduction of the FCA. The largest overall net increase in forest cover is 15.4% for parcels with 40-60% existing forest cover. These results suggest that the afforestation and conservation thresholds implemented under the FCA likely increased the amount of forest cover, relative to what would have occurred without the regulation, though primarily on parcels with lower existing forest cover. In contrast, parcels with the highest levels of existing forest cover at 80-100% have no significant difference in expected forest cover on developed parcels between the periods before and after the FCA. This result may be due to the FCA setting a maximum conservation threshold at 50%, meaning parcels with high levels of existing forest cover above this threshold may deforest large tracts of forest area without penalty, as hypothesized in the conceptual model. This has consequences for land fragmentation and suggests that the most intact forested areas continue to have the largest losses in forest cover despite the implementation of this forest conservation regulation.
It should be acknowledged that, in addition to the effect of the FCA, there may be other market or parcel attributes that vary between these two time periods. It would be desirable to use another neighboring region that is unaffected by the FCA as a control region. However, the FCA is a statewide regulation that was adopted at the same time in neighboring counties in Maryland. Additionally, the forest cover data from the NACP (Goward et al. 2012 ) only covers the Baltimore-Washington corridor and does not extend into neighboring York County, Pennsylvania. In the absence of such a control region, we conduct several robustness checks to examine the potential sensitivity of our estimation results. The supplemental appendix online provides a detailed discussion and accompanying tables demonstrating that the estimation results are robust to the following tests including: (a) alternative specifications that use a more narrow time window of subdivision activity in 1988-1997; (b) temporal falsification tests that only use either the pre-FCA data or post-FCA data and move the regulatory event to an arbitrary time within those time periods; (c) sensitivity tests to the specification using forest cover 
Policy Simulation on Landscape-Level Forest Cover Change
We provide results of a policy simulation analyzing the landscape-level implications that the FCA has on forest cover change in rural Baltimore County. The analysis uses 1,000 bootstrapped samples of the original data set, followed by the model estimation according to equations (9)-(11). Parcels that are developable as of 1993 are used to predict the amount of land development and forest cover change that would occur under the scenarios with and without the FCA during the period 1993-2000. The dummy variable s is set to one for the scenario with the FCA and set to zero for the scenario without the FCA, while all other variables and coefficients are unchanged between these scenarios. For each bootstrapped iteration, we predict the parcel-level expected annual probability of development with and without the FCA in each year from 1993 to 2000. Then, analogous to the methodology in Lewis, Provencher, and Butsic (2009) , the expected annual probability of development for each parcel is compared to a random number drawn from a uniform distribution for each parcel and year. The parcel is considered developed in the first year spanning 1993-2000 in which the expected annual probability of development is greater than the random number; otherwise, it is considered to remain undeveloped in 2000. If the parcel is predicted to develop, then the expected forest cover change conditional on development in that given year is calculated.
Simulation results are summarized in table  3 showing the land area, existing forest area, and forest cover change on subdivisions under the scenarios with and without the FCA. For all estimates, the means are calculated from the estimated model using the original data set, and bootstrapped 95% confidence intervals (CIs) are calculated based on the 25th and 975th largest simulation results from the 1,000 bootstrap iterations. The null hypothesis is a test on whether the bootstrapped 95% CIs contain zero for the difference between the results under scenarios with and without the FCA. Table 3 shows that more total developed land area on subdivisions occurs under the scenario with the FCA compared to without the regulation: specifically, 7,488 acres developed with the FCA and 6,778 acres developed without the FCA. This difference, however, is not statistically significant. Furthermore, the amount of existing forest cover on subdivisions with and without the FCA is 4,099 acres and 3,820 acres, respectively; but this difference is also not statistically significant.
The results for forest cover change in table 3 demonstrate that there are larger predicted losses in forest cover for the scenario without the FCA. We predict a total loss of 769 forest acres out of 3,820 acres of existing forest cover under the scenario without the FCA during 1993-2000, representing about a 20% loss of forest cover. Meanwhile, we predict a total loss of only 157 forest acres out of 4,099 acres of existing forest cover for the scenario with the FCA. This indicates an overall net difference of 612 forest acres between these two scenarios, approximately a 21% increase in forest cover on parcels undergoing subdivision with the FCA relative to without the FCA.
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Importantly, the results for forest cover change are heterogeneous by the level of existing forest cover. Table 3 indicates that significant decreases in forest cover occur for parcels with 20-100% existing forest cover for the scenario without the FCA. With the FCA, there is no significant decrease in forest cover for parcels with 0-60% existing forest cover, whereas there are significant decreases in forest cover for parcels with 60-100% existing forest cover. It is informative to compare the difference in forest cover change between the scenarios by the existing forest cover categories. The largest gain in forest cover occurred on subdivisions for parcels with 40-60% existing forest cover, which had an increase of 379 forest acres compared to the simulation without the FCA. This result suggests that parcels with existing forest cover near the conservation threshold are most significantly affected, which presumably results in either higher retention of existing forest cover or more reforestation to compensate for areas cleared during the subdivision process. For parcels with 80-100% existing forest cover, no significant difference in forest area occurs between the scenarios with and without the FCA. As hypothesized in the conceptual model, parcels with high levels of existing forest cover may remove a significant amount of forest acreage above the conservation threshold without requiring reforestation. Hence, forest fragmentation may continue unabated for the parcels with the most intact forest habitat.
Conclusion
This paper examines the heterogeneous effect of the FCA on residential development and assesses the forest cover change occurring with the regulation. Prior to the FCA, forest cover decreases on subdivision developments across the entire distribution of existing forest cover values. After the FCA, forest cover increases on average but only for parcels with forest cover between 0-60%. Meanwhile, parcels with 80-100% forest cover have no significant difference in the level of forest loss between the periods before versus after the FCA. Hence, parcels with the highest forest cover at 80-100% continue to have the largest decrease in forest cover, despite the FCA, thereby resulting in forest habitat fragmentation in regions with the most intact forest cover. Our analysis suggests that an overall significant and positive effect on total forest cover occurred in the region with the FCA. Based upon landscape-level policy simulations, we find that total expected forest cover in rural Baltimore County increased by approximately 612 acres with the FCA relative to the counterfactual outcome without it, representing a 21% increase in forest area relative to the expected total forest cover that would have occurred on subdivisions without the FCA. Regulatory effectiveness could be further improved, for instance, if regulators increased the conservation threshold. In doing so, landowners subdividing their properties would be required to assume larger amounts of forest conservation and would reduce the amount of forest acreage that could be removed without penalty. Since the most intact forests are currently the least affected by the FCA, another approach would be to target funding from purchase of development rights programs to protect these high priority forested areas. However, assessing the tradeoffs needed to set priorities for forest conservation would require a more detailed evaluation of the spatial distribution of ecosystem services provided by forests rather than only the total level of forest cover change provided in this study.
Another issue that deserves further evaluation is the potential for the FCA, adopted exclusively in Maryland, to induce spatial spillovers, thereby increasing development and forest loss in neighboring states without this regulation. Our analysis focuses on the direct effect of the FCA to increase forest cover within our study region; however, to the extent that spillover effects increase development in less regulated regions, it may offset the forest cover gains from the FCA. Future research interested in modeling landuse decisions may also find it helpful to consider using spatial econometric approaches (Cho, Kim, and Roberts 2014) .
There is growing interest and research in programs designed to reduce deforestation and promote afforestation, including both incentive-based payments for ecosystem services (Lubowski, Plantinga, and Stavins 2006; Nelson et al. 2008; Lewis, Plantinga, and Wu 2009; Lewis et al. 2011 ) and land-use regulations (Lichtenberg, Tra, and Hardie 2007; Lawler et al. 2014) . In this study, we integrate parcel-level modeling of development decisions with fine-scale panel data on forest cover change from satellite imagery. In doing so, we are able to more accurately assess the partial loss in forest cover that occurs on subdivision developments even prior to regulatory adoption, as well as estimate the additionality of forest cover. Loss in forest cover is often overestimated in prior studies that assume a complete loss in forest cover occurs with development or use uniform rulebased assumptions on the relationship between urban development and forest loss. For instance, Lawler et al. (2014) provide a comprehensive national assessment for landuse change and ecosystem services; however, the urban containment policies assume a uniform rule that only 10% of the initial forest carbon stock remains after development (implying a 90% loss in forest carbon with development). We anticipate that the combination of micro-level land use decisions and fine-scale panel data on forest cover change used in our study will have future research opportunities in other regions since the North American Forest Dynamics Project provides similar publically available data on historic forest cover at fifty-five sites located across the United States.
